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(54) Data migration method using storage area network (SAN) 



(57) A mainframe system disk control unit 7 is pro- 
vided with a means 22 of accessing open system stor- 
age 18 connected to a SAN and a means 22 of 
converting the input and output data format to that of the 
open system, and the mainframe 1 is made to access a 
volume 18 of open system storage in the same manner 
as a volume 5 under control of the mainframe system 
disk control unit 7. By this means, data in the open sys- 



tem storage is backed up to the mainframe system. 
Moreover, communication is performed between the 
program on the mainframe 1 and the program on an 
open system host computer 17, and prior to starting 
backup, the updating of data in the open system storage 
system is prohibited. 
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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

[0001] The present invention relates to a method of data backup for a storage system via a Storage Area Network 
(SAN), and is especially applicable to the comprehensive backup of data in a plurality of storage systems whose inter- 
faces are different each other or data which is managed by different operating systems. 

10 

DESCRIPTION OF RELATED ART 

[0002] Previously, an individual host computer was connected to each backup device such as magnetic tape stor- 
age and this host computer performed the backup of storage data. In mainframe computer systems, because the impor- 

15 tance of backup has long been recognized, an operation and management environment for backup processing by 
highly functional backup utility programs or other means has been established. On the other hand, in recent years, also 
in open systems such as UNIX (UNIX is exclusively licensed by X/Open Company Ltd. and is a registered trademark in 
the U.S. and other countries) and Windows (Windows is a registered trademark of Microsoft Corp. in the U.S. and other 
countries), due to the increased storage capacity of storage systems, the efficient backup of data in disk storage has 

20 become an important issue. Especially, in enterprises constructing large-scale computer systems, because mainframe 
systems and open systems exist and are operated together, it is desirable to be able to backup both systems with the 
same backup device using the same backup utility program. 

[0003] For open systems, the construction of storage systems that use a Storage Area Network (SAN) is currently 
in the spotlight. Specifically, this system. uses a fiber channel (FC) in the disk interface and is configured with a plurality 

25 of host computers and fiber channel disk units connected via a fiber channel switch or hub. Here, a fiber channel disk 
unit is a disk unit that has a FC interface. SCSI commands can be mapped onto the fiber channel protocol. Moreover, 
the fiber channel disk unit can also interpret and execute the SCSI commands mapped onto that protocol, even if the 
interface is changed to FC. For this reason, the OS or application program running on the host computer can perform 
operations for the disk unit with SCSI commands that are widely used for accessing to disk units. 

30 [0004] On the other hand, the issue of backing up data for an open system in a mainframe system is disclosed in 
Japanese unexamined patent gazette H.1 0-283272, which is corresponding. to US Application Ser. No. 09/52985. Dis- 
closed in said gazette is a means of backing up data by connecting the disk control-units of a mainframe system and 
open system with a communication channel,, and accessing the disk control unit of the open system from the main- 
frame. 

35 - ~ . ' ■ _ . 

SUMMARY OF THE INVENTION 

[0005] However, in the means disclosed in Japanese unexamined patent gazette H 10-283272, since a one-to-one 
communication channel connects the disk control unit of the mainframe system and disk control unit of the open sys- 

40 tern, the disk control units of both the mainframe system and the open system must be provided with an interface for 
said communication channel separate from each interface to their hosts. Moreover, the issue of how to transfer data 
using this communication channel is also not disclosed in said gazette. Further/ the specific method of conversion 
between the variable length recording method that a file system on the mainframe uses and. the fixed length recording 
method that a file system on the host of the open system uses is also not disclosed. Also, data backup in a SAN envi- 

45 ronment is not considered by said gazette. 

[0006] To accurately perform backup, cooperation with the application program must be considered. In other words, 
while an application is running, care must be taken when backing up or restoring data which the program refers to or 
updates. This is because while backup is being performed, the data that is the object of the backup may be partially 
modified by the application program. In this case, the backup data will become inconsistent data and it is meaningless 

so to restore this data. This state is called the inconsistent state of backup data, in Japanese unexamined patent gazette 
H 10-283272, a means to avoid this type of inconsistent state is not considered. 

[0007] Therefore, the object of the present invention is for the OS and program running on the mainframe host to 
be able to access the contents of the open system storage with a method similar to the one for the storage of the main- 
frame system. And as such, the contents of the open system storage can be backed up on the mainframe system. 
55 [0008] Another object of the present invention is to provide a means, while the application program is running on 
the open system host, to backup in a consistent state, the data referenced by that application. 

[0009] The disk control unit of the mainframe system is provided with a means such as a fiber channel for accessing 
storage on the SAN and a means of converting the I/O data format of the storage. Thus, the mainframe system host 
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connected to said disk control unit can be made to access the storage volume of said SAN in the same manner as a 
volume under the disk control unit of the mainframe system. Moreover, the I/O control processor of the mainframe sys- 
tem host may be equipped with a means of accessing storage on the SAN and a means of converting the I/O data for- 
mat of the storage. Thus, also the mainframe can be made to access the storage volume on said SAN. 
5 [0010] Further, by providing a means of communication between the program on the mainframe system host and 
the program on the open system host, consistency of the backup data is maintained. 



BRIEF DESCRIPTION OF THE DRAWINGS 
to [0011] 

FIG. 1 is an example configuration of a computer system that backs up the contents of storage with the storage 
area network; 

FIG. 2 is an example configuration of a computer system equipped with a disk control unit and magnetic tape stor- 
is age; * - ■ 

FIG. 3 is an example configuration of a computer system that uses a storage area network;. 

FIG. 4 is an example configuration of a disk control unit connected to hosts having different operating systems; 
' FIG. 5 is an example of a volume mapping table; 

FIG. 6 is another example configuration of a computer system that backs up the contents of storage with the stor- 
20 age area network; 

FIG. 7 is another example configuration of a computer system that backs up the contents of storage with the stor- 
age area network; 

FIG. 8 is a flowchart indicating a procedure to avoid the inconsistent state of backup data; 
FIG. 9 is an example embodiment of the method to recognize device changes on the FC. 
25 ■ - ■ - 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred Embodiment 1 1 . . ■ , . 

30 [0012] The first preferred embodiment of the present invention is.described below. 

[0013] FIG. 2 indicates an example configuration of a computer system equipped with a disk control unit and mag- 
netic tape storage. Host computer 1 contains processor 13 and main memory 12 and ! executes an application program. 
The input and output between the host computer and the disk unit and magnetic tape storage 14 is performed via I/O 
control processor 15. After I/O control processor 15 receives an I/O command from processor 13, it operates autono- 

35 mously and uses channel interface 29 to control the disk unit and magnetic tape storage 14, and performs read and 
write operations of the specified data. Host computer 1 contains LAN interface 1 1 and can transmit to and receive data 
from other host computers. 

[0014] - Disk control unit 7 is connected to host computer 1 with host interfaced and channel path 8. Disk control unit 
7 comprises cache memory 3, shared memory 10, LAN interface 21 , disk interface 4 that connects to disk drive unit 5, 
40 and common bus 6 that connects them. With LAN interface. 21 , disk control unit 7 can communicate with host computer 

1 and other devices that are connected to the LAN. Moreover, a plurality of disk interfaces or a plurality of host interfaces 

2 can be installed in disk control unit 7. In the case where a plurality, of host interfaces 2 is installed, the destination for 
all of their connections is not limited to host 1 . FIG. 2 shows an example in which one host interface is connected to host 
1. . - . 

45 [0015] Host interface 2 and disk interface 4 are equipped with a processor,, and each operates autonomously. 
Cache memory 3 is a shared resource that can be referenced from a plurality of host interfaces 2 or a plurality of disk 
interfaces 4. Cache memory 3 temporarily stores the data written to this disk control unit and data that was read from 
disk drive unit 5 and output to the host. 

[0016] if the disk control unit has the RAID function, data sent from the host is distributed to and stored in a plurality 
so of disk drive units 5. The present preferred embodiment can also be applied to disk arrays, but in order to simplify the 
description, the following will describe operation for normal disks. 

[0017] The operation of data input and output between host computer 1 and disk control unit 7 will be described. 
Here : it is assumed that the host computer's OS is a mainframe OS such as VOS3 (Virtual Operating System 3) by 
Hitachi Ltd., for example. I/O control processor 15 that received a write or read request from the OS generates a write 
55 or read command, and sends it to disk control unit 7 via channel path 8. 

[0018] Write operations are performed in units of variable length data structures called records. This variable length 
record is expressed in a format called the count data key format (CKD format). 

[0019] The disk to write to and the location of the record on the disk are specified by the volume number, cylinder 
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number, head number and record number. The cylinder number and head number specify the track to write to, and the 
record number specifies which record to write to within the track. Read operations are also performed in the unit of the 
CKD format record. The disk to read and the location of the record on the disk are also specified by the volume number, 
cylinder number, head number and record number. The cylinder number and head number specify the track to read, 

5 and the record number specifies which record within the track will be read. 

[0020] Host computer 1 and magnetic tape storage 14 are connected by channel path 8, which similarly connects 
host computer 1 and disk control unit 7. Data backup and restore in disk drive unit 5 is executed by backup utility soft- 
ware running on host computer 1 . Specifically, backup is a process that, using disk control unit 7, reads the stored con- 
tents of the disk drive unit and stores them into magnetic tape storage 14. Restore is a process that reads data from 

w magnetic tape storage 14 and writes it to disk control unit 7. 

[0021] While the application program is running, care must be taken when backing up or restoring data which the 
program refers to or updates. This is because of the possibility that the aforementioned inconsistent state of backup 
data could- occur. 

[0022] To avoid this type of inconsistent state, the simplest method is to perform a backup after finishing the appli- 
15 cation program. However, there are cases such as the database of 24-hour operational bank, in which a 24-hour pro- 
gram cannot be finished. So as to be able to backup data even under these conditions, some application programs for 
a database management system (DBMS) have a hot backup mode. When a DBMS enters the hot backup mode, the 
updating of areas where data was originally stored is prohibited and update data is temporarily stored in another area. 
In this state, if backup is performed from a data area that was originally stored, it is not possible for the data to become 
20 inconsistent. When the hot backup mode is released, the temporarily stored data is returned to the original data storage 
area. For the automatic and efficient backup process, the backup utility program also performs such functions as control 
of the hot backup mode of the application program. 

[0023] FIG. 3 shows an example configuration of a computer system that uses a SAN. The SAN is a configuration 
that, using fiber channel (FC) 20 in the disk interface, connects a plurality of host computers 1 7 and fiber channel disk 

25 units 18 with switch 19. The object of this patent can be achieved also with a disk array configuration as fiber channel 
disk unit 18, but in order to simplify the description here, it will be described as a simple disk unit. Host computer 1 7 
contains processor 13 and main memory 12. Also containing LAN interface 11, it can communicate with an arbitrary 
host computer 17. Moreover, it has host bus adapter (HBA) 16 to interface' with the fiber channel. In the present pre- 
ferred embodiment, the LAN protocol and SAN communication protocol are different. SCSI commands are mapped 

30 onto the protocol of fiber channel 20. The mapping between SCSI commands and the FC is performed by HBA 1 6 and 
the device driver (not shown) that is the interface program for HBA 1 6. Details of the FC and SCSI standards are pre- 
scribed in the ANSI (American National Standards Institute) Standards. On the other hand, TCP/IP or other standards 
are used as the LAN protocol. - 

[0024] An arbitrary host computer 17 can access an-arbitrary disk unit 18. A configuration that uses a hub is also 
35 possible, instead of switch 19. The difference between the switch and hub depends upon whether the band used by the 
"port is independent; their logical operations "are the same/The object of the present invention can be achieved also 
using, instead of the fiber channel and switch'; a serial storage-architecture; anotherserial interface such as a universal 
serial bus, and a parallel interface such as a smalt computer system interface (SCSI). However, here. an example that 
uses a FC will be described. 

40 [0025] In a computer system that uses a SAN, the object of the present invention, FIG. 1 indicates an example con- 
figuration of a computer system that backs up the contents of storage. The OS of the host computer is not restricted, 
but here it is assumed that the OS of host computer 1 is a mainframe OS and the OS of host computer 1 7 is an open 
system OS such as UNIX." 

[0026] The hardware configuration of host computer 17, fiber channel switch 19, and fiber channel disk unit 18 is 
45 the same as described with FIG. 3. The hardware configuration of host computer 1 and magnetic disk storage 14 is the 
same as described with FiG. 2. Disk control unit 7 is the same as described with FIG. 2 except that it is equipped with 
fiber channel interface 22, which is connected to the fiber channel switch by the FC. 

[0027] Fiber channel interface 22 has an internal processor, and can access an arbitrary fiber channel disk unit 1 8 
by using its program. From the point of view of fiber channel disk unit 18, access from fiber channel interface 22 and 
so access from host computer 1 7 are seen as the same. Moreover, as indicated in FIG. 4, with this fiber channel interface 
22, disk control unit 7 can be used as a disk unit of the FC interface. 

[0028] Next, the method of accessing fiber channel disk unit 1 8 from host computer 1 will be described. Here, disk 
control unit 7 provides a function that views fiber channel disk 18 the same as disk drive unit 5 that is under its own con- 
trol, to the OS of host computer 1 . In other words, fiber channel disk unit 1 8 is viewed from host computer 1 as one of 
55 the volumes under disk control unit 7. This function is called the volume integration function. By means of the volume 
integration function, the procedure for the OS to access fiber channel disk unit 18 becomes the same as the conven- 
tional procedure to access disk drive unit 5. 

[0029] The volume integration function comprises a volume mapping function and a record format conversion func- 
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tion. Specific operation of the volume integration function will be described using data read and write operations as 
examples. 

[0030] First, the data read operation will be described As mentioned above, the volume number, cylinder number, 
head number and record number of the object to be read are specified in a read command of host computer 1 . Here, 
5 by means of the volume mapping function, whether the volume of disk drive unit 5 or fiber channel disk unit 18 is to be 
read is determined. The volume mapping function is realized by means of the volume mapping table located in shared 
memory 10 in disk control unit 7. 

[0031] An example configuration of the volume mapping table is shown in FIG. 5. By examining external reference 
flag 24 corresponding to an arbitrary volume number field 23, it is possible to judge whether the arbitrary volume is 

io external to disk control unit 7. (Here, a value of 1 indicates the volume is external.) Similarly, by referencing disk drive 
unit number/port number field 25. if the volume is internal to. disk control unit 7, that disk drive unit number is obtained, 
. . and if external to the disk control unit, the port number of fiber channel disk unit 1.8 is obtained. For example, in FIG. 1 , 

volume number 0 is assigned to disk drive unit 0 in disk control unit 7. Moreover, volume number i is assigned to fiber 
channel disk unit 1 8 with port number 0 on the FC. ■ 

15 [0032] The volume mapping table is created and modified by commands from host computer 1 . Specifically, host 
interface 2, using its internal processor interprets a-create or modify command for the volume mapping table and cre- 
ates or modifies the volume mapping table in shared memory 1 0. Moreover, creation or modification of the volume map- 
ping table can also be performed by installing a similar command interpretation function in the interface for the control 
console or LAN interface of disk control. unit 7 via the control console or LAN interface of disk control unit 7. 

20 [0033] With device power supply turned ON, the FC can dynamically add and remove units. Therefore, if the con- 
figuration of devices on the FC is modified, that modification must be reflected in the volume mapping table. The method 
to reflect this type of modification is described using FIG. 9. 

[0034] The modification of a device on the FC ultimately converges on the OS of the host computer that uses that 
device. This is because, if the OS does not recognize the information of the device, the application program running on 
25 it will not be able to utilize that device. Using this relationship, at an arbitrary timing, agent 34 reads information related 
to the device on the FC from the OS, or in other words, information related to the fiber channel disk unit, andsends new 
information to agent 32 in host computer 1 if the device configuration has been modified. Based on the information it 
receives/agent 32 in host computer 1 will issue-a modify command for the volume mapping table and update the vol- 
* ume mapping table. 

30 [0035] These agent functions are realized as independent programs running on the host. Moreover, they may be 
embedded as some functions in a program such as the backup utility program to be discussed later. 
[0036] Some fiber channel switches 19 have functions such as a name server, management server, and directory 
server, for example, that manage the information or state of devices connected to itself. These standards are prescribed 
in ANSI FC-GS (FC* Generic Services) and, elsewhere. Therefore, fiber channel interface 22 can obtain configuration- 

35 related information from fiber channel switch 19 wittv a procedure that conforms to the aforementioned standard, using 
a program running on its internal processor. In addition, if. the configuration -has been modified, fiber channel interface 
22, generates a volume mapping table modify. command, and by sending that command to host interface 2, can modify 
the volume mapping table.. A method in which fiber channel interface 22 directly overwrites the volume mapping table 
is also possible. 

40 [0037] In the case that the volume to be read is a disk drive unit in disk control unit 7, with the procedure previously 
described using FIG. 2, data is read and returned to host computer 1 . Next is described the case in which the volume 
to be read is fiber channel disk unit 18 on the FC. , 

[0038] As previously explained, read commands from host computer 1 are in a variable length record format called 
CKD format. On the other hand, a fixed length block is the minimum input and output unit of fiber channel disk unit 18 

45 that is connected to an open system computer and interprets SCSI commands. This fixed length input and output for- 
mat is called FBA (Fixed Block Address) format. The block size is generally 256 bytes, but arbitrary sizes are possible. 
This block size is specified when the volume format is initialized and cannot be changed until the next format initializa- 
tion. When initialization of the volume format is performed, blocks are assigned from the head of the volume as block 0, 
block 1 , block 2, etc. In a volume whose size is 256000000 bytes, the last block will be block 999999. Data of arbitrary 

so length. can be handled with input and output commands which specify the head block number and number of blocks to 
input and output. 

[0039] In this manner, the expression of input and output data is different depending on the type of OS. The function 
: that converts these differences is the record format conversion function. By means of the record format conversion func- 
tion, a volume in the FBA formatcan.be accessed with the CKD format. In other words, an FBA-formatted volume of 
55 fiber channel disk unit 1 8 can be accessed with a volume format which is the same as the CKD format in disk drive unit 
5. The record format conversion function is realized by means of the processor of fiber channel interface 22. 
[0040] There are several methods of converting between the FBA format and the CKD format. Here, the case of 
reading an FBA-formatted volume with the total volume capacity 2 MB and 256-byte block size with a CKD-formatted 
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volume with number of cylinders: 2185, number of heads: 15, capacity per track: 64 KB, and total volume capacity: 2 
MB, will be described. 

[0041] In this case, as seen from host computer 1 , the volume of fiber channel disk unit 1 8 appears to be a row of 
256 individual records of 256-byte record length with a count length and key length of zero one track. In other words, 

s the FBA format block size is equal to the CKD format record size. 

[0042] Block 0 of the FBA format exists in cylinder 0, head 0 and record 0 of the CKD format. Block 256 of the FBA 
format becomes cylinder 0, head 1 and record 0 of the CKD format. Moreover, since the number of heads is 1 5, cylinder 
0, head 14 and record 0 of the CKD format becomes block 3584 of the FBA format, and in addition, cylinder 1 , head 0 
and record 0 of the CKD format becomes block 3840 of the FBA format. 

w [0043] This conversion is expressed as a numeric formula as follows. 

FBA format block number = (cylinder number x 15 x 256) -t- (head number x 256) + record number 

[0044] Here, a conversion method has been described in which 1 record of the CKD format corresponds to 1 biock 
is of the FBA format. However, the conversion is not limited to this method. For example, there is a method in which 1 
record of the CKD format corresponds to a plurality of blocks of the FBA format, and in reverse, a method in which 1 
block of the FBA format corresponds to a plurality of records of the CKD format. A method in which CKD tracks and 
cylinders correspond to {a plurality of) FBA blocks is also possible. 

[0045]' As explained previously, these conversions are realized by the processor of fiber channel interface 22. A 
20 read command from host computer 1 is first analyzed by host interface 2. Then, based on reference of the voiume map- 
ping table, if it is ascertained that the object volume is fiber channel disk unit 18 on the FC, this command is sent to fiber 
channel interface 22. By means of the record format conversion function of fiber channel interface 22, the command is 
converted into a read command expressed in the FBA format, and sent as a SCSI command on the fiber channel to 
fiber channel disk unit 1 8 that is connected to the destination port. 
25 [0046] Fiber channel disk unit 18 interprets the SCSI command, reads the contents of the specified block, and 
sends it back'to fiber channel interface 22. Fiber channel interface 22 converts the returned data into the CKD format 
and sends it to host interface 2. By sending that data from host interface 2 to host computer 1 , one series of a read proc- 
ess for fiber channel disk unit 18 is completed. 

[0047] The write process from host computer 1 to fiber channel disk unit -18 is performed also using the volume 
30 mapping function and record format conversion function, similar to the read process. The delivery of data between fiber 
channel interface 22 and host interface 2 can also be implemented by delivering data via cache memory 3. 
[0048] By means of the volume integration function discussed above, it is possible to access fiber channel disk unit 
1 8 from host computer 1 . Further, to access an arbitrary file in the voiume, "the position and length information of that 
file in the volume is necessary. Specifically, in the case of an FBA format 'volume; this information is the first block 
35 number and the number of blocks of the (plurality of) blocks in which' the object file is stored. This information is called 
meta-information. 

[0049] Meta-information is stored, in the case of a UNIX OS for example,' in an area called i-node by the file system, 
and is collected by agent 34 which is a program running on the host shown in FIG. 9. This is because, the i-node con- 
figuration is open and the i-node area occupies the head address of the volume. Meta-information collected by agent 
40 34 is sent to agent 32 via the LAN network or other means, and is used to compute the positions of the record and block 
of the access object when other programs on host 1 generate an access command. 

[0050] These agent functions are realized as independent programs running on the host. Moreover, they may be 
embedded as some functions in a program such as the backup utility program to be discussed later. 
[0051] By means of the above-mentioned method, in other words, by using the meta-information and the volume 
45 integration function, host computer 1 can access fiber channel disk unit 1 8 on the SAN. Therefore, as described above 
using FIG. 2, by means of a method similar to the backup and restore of the contents of disk drive unit 5 to magnetic 
tape storage 14, the backup utility program on host computer 1 can backup and restore the contents of fiber channel 
disk unit 1 8 to magnetic tape storage 14. 

[0052] In the case of backing up the contents of fiber channel disk unit 1 8, the aforementioned inconsistent state of 
50 backup data must also be considered. In other words, while backing up the contents of fiber channel disk unit 18, host 
computer 1 7 may overwrite those contents. 

[0053] A method to avoid this type of inconsistent state will be described next using FIG. 7. Here, it is assumed that 
DBMS 28 is running on host computer 17 and that this DBMS 28 has a hot backup function. In this case, backup utility 
program 27 runs on host computer 17, and the hot backup mode of DBMS 28 on host computer 17 is controlled with 
55 this program. Specifically, as indicated by the flowchart of FIG. 8, prior to the backup of data in fiber channel disk unit 
18, backup utility program 26 on host computer 1 sends a command to change DBMS 28 to the hot backup mode to 
backup utility program 27 on host computer 1 7 via the LAN network. In other words, this is a command to prohibit DBMS 
28 to update the data stored in fiber channel disk unit 18, which is the original data that is the backup object, and to 
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temporarily store the updated data in another area. Based on this command, backup utility program 27 on host compu- 
ter 1 7 changes DBMS 28 to the hot backup mode. When backup utility program 26 on host computer 1 receives a report 
from backup utility program 27 on host computer 1 7 that the change to hot backup mode is complete, it starts backing 
up the contents of fiber channel disk unit 18. When the backup operation is completed, backup utility program 26 cn 

5 host computer 1 sends a command to backup utility program 27 on host computer 1 7, via the LAN network to release 
the hot backup mode of DBMS 28. By means of the above method, consistent data can be backed up. 
[0054] In the case that DBMS. does not support the hot backup function, it is acceptable for backup utility program 
26 on host computer 1 to cause backup utility program 27, on host computer 1 7 to prohibit DBMS from updating data. 
In this case, if backup utility program 27 on host computer 17 understands that command, it reports that fact. When 

io backup utility program 26 on host computer 1 receives that report, it starts the backup of said data. When the backing 
up is completed, backup utility program 26 on host computer 1 sends a command that releases the prohibition of data 
updating to backup utility program 27 on host computer 17. 

Preferred Embodiment 2 - v 

15 - ■ 

[0055] The second preferred embodiment of the present invention is described with FIG. 6 as an example. 
[0056] This preferred embodiment also indicates-the method with which the-OS and application programs running 
on host computer 1 can recognize input and. output in the FBA format of fiber channel disk unit 1 8 as those in the CKD 
format. By this means, the OS and application programs running on host computer 1 can backup and restore the con- 

20 tents of fiber channel disk unit 1 8. 

[0057] In this preferred embodiment, I/O control processor 15 provides the volume integration function. By means 
of the volume integration function, the procedure for the OS and application programs to access fiber channel disk unit 
18 becomes the same as the procedure to access disk control unit 7. Similar to the first preferred embodiment, the vol- 
ume integration function comprises the volume mapping function and the record format conversion function. Next, the 

25 specific operation of the volume integration function will be described. 

[0058] Input and output requests from the application program and backup utility program are first sent to I/O con- 
trol processor 15. By means of the volume mapping function, I/O control processor 15 judges whether the volume of 
the access destination indicates an access to the FBA format of fiber channel disk unit 18. Similar to the first preferred 
embodiment, this judgement uses the volume nnapping table. The volume mapping table is located in main memory that 

so is accessible by I/O control processor 15. The configuration of the mapping table in this preferred embodiment is the 
same as that of the first preferred embodiment. In otherwords, if external reference flag field 24 is 1,.the access is to 
fiber channej disk unit 18. If external reference flag field 24 js 0, I/O control. processor 15 performs normal input and 
output without using the volume mapping table. v 

[0059] The volume mapping table is created and modified by means of a program running on host computer 1 . With 
35 .device power supply turned ON, the FC can dynamically add and remove units. Therefore, if the configuration of 
devices on the FC is modified, that modification must be reflected in the volume mapping table. The method to reflect 
this type of modification is omitted since-it is the same as for the first preferred embodiment. 

[0060] - . if it is ascertained that the input or output request is for the fiber channel disk unit 1 8 on the SAN, I/O control 
processor 15 executes the record format conversion function. This record format conversion function is a function that 
40 converts the CKD format and FBA format, and is equivalent to the function described in the first preferred embodiment. 
For that reason, a description of the specific conversion method is omitted. 

[0061] Further, the collection of meta-information is the same as in the first preferred embodiment, and therefore 
omitted. 

[0062] An FBA format input or output request is sent to fiber channel adapter 30, and processed at fiber channel 
45 disk unit 18 via the fiber channels of the FC and fiber channel switch. The input and output results are returned to fiber 
channel adapter 30, and by means of I/O control processor 1 5, are converted to the CKD format, and are passed to the 
application program or backup utility program. 

[0063] By means of the method described above, host computer 1 can access fiber channel disk unit 18 on the 
SAN. Therefore, as previously described in the first preferred embodiment using FIG. 2, by means of a method similar 

so to backing up and restoring the contents of disk drive unit 5 to magnetic tape storage 14, the backup utility program on 
host computer 1 is able to backup and restore the contents of fiber channel disk unit 18 to magnetic tape unit 14. 
[0064] Moreover, when backing up the contents of fiber channel disk units 18 in this case, as discussed in the first 
preferred embodiment, the inconsistent state of backup data must be also considered. In other words, while backing up 
the contents of fiber channel disk unit 18, host computer 1 7 may overwrite those contents. 

55 [0065] The method to avoid this type of inconsistent state is the same as that of the first preferred embodiment. 
[0066] In summarizing the above, the disclosures of this application include the following. A disk control unit con- 
nected to a first host computer, wherein the disk control unit is characterized in that said disk control unit is equipped 
with an interface to a switch or hub; said switch -or hub connects one or a plurality of host computers and one or a plu- 
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rality of disk systems; and 

said disk control unit accesses the storage contents of said plurality of disk systems by means of said interface and 
provides a means to send the contents of said access to said first host computer. 

The disk control unit of (1 ), wherein the disk control unit is characterized in that a disk unit that is connected to the 
5 switch or hub connected to said disk control unit appears the same to the first host computer as a disk drive unit 

that is connected to said disk control unit, by means of performing input or output after judging, based on an internal 
table, whether the access destination of an input or output command from the first host computer is the disk drive 
unit connected to the disk control unit itself or a disk unit connected to the switch or hub connected to the disk con- 
trol unit itself. 



The disk control unit of (2), wherein: 

in the case where the command format and data format differ for a disk drive unit connected to itself and a disk 
unit connected. to the switch or hub connected to itself, the disk control unit characterized by the conversion of 
15 the command format and data format of the disk unit connected to the switch or hub connected to itself into the 

command format and data format used by the disk drive unit connected to itself. 

(4) A host computer connected to the disk control unit of (3) and to a magnetic tape storage, wherein: 

a computer system characterized by reading the contents of a disk unit connected to the switch or hub that is 
connected to said disk control unit, and backing up those contents in the magnetic tape storage. 
20 (5) A host computer connected to the disk control unit of (3) and to a magnetic tape storage, wherein: 

a computer system characterized by restoring data by means of writing data from said magnetic tape storage 
to a disk unit connected to the switch or hub that is connected to said disk control unit. 

(6) The computer system of (4), wherein: 

prior to backup, the backup program on said first host computer communicates with the utility program on the 
25 second host computer that is using data of the disk unit that is the backup object; and, 

a computer system is characterized in that the utility program on said second host computer controls the pro- 
gram that modifies the contents of the data that is said backup object so that the data that is the backup object 
is not modified during the backup interval. 

(7) A processor system, equipped with an interface to the switch or hub, wherein: 

30 said switch or hub connects one or a plurality of host computers and one or a plurality of disk systems: 

by means of said interface, a processor system which accesses the storage contents of said plurality of disk 
systems, and, 

a processor system is characterized in- that a disk unit connected to the switch or hub connected to said proc- 
essor system appears the same to the operating system or program that runs said processor system as the 
35 disk drive unit directly connected to said processor system, by means of performing input or output after judg- 

ing, based on the internal -table, whether the access destination of the input or output command is the disk drive 
unit directly connected to itself or a disk unit connected to the switch or hub connected to itself. 

(8) The processor system of (7), wherein: 

a processor system characterized by the conversion of the command format and data format of a disk unit con- 
40 nected to the switch or hub connected to itself into the command format and data format used by the disk drive 

unit connected to itself, in the case where the command format and data format differ for the disk control unit 
directly connected to itself and a disk unit connected to the switch or hub connected to itself. 

(9) The processor system of (8), wherein: 

a magnetic tape storage is connected; and 
. 45 a computer system characterized by reading the contents of a disk unit connected to the switch or hub that is 

connected to said processor system, and backing up those contents in said magnetic tape storage. 

(10) The processor system of (8), wherein: 

the magnetic tape storage is connected; and 

a computer system characterized by restoring data by means of writing data from said magnetic tape storage 
so to a disk unit connected to the switch or hub that is connected to said processor system. 

(1 1 ) The computer system of (4), wherein: 

prior to backup, the backup program on said first host computer communicates with the utility program on the 
second host computer that is using data of the disk unit that is the backup object; and 

a computer system is characterized in that the utility program on said second host computer controls the pro- 
55 gram that modifies the contents of the data that is said backup object so that the data that is the backup object 

is not modified during the backup interval. 

[0067] With the present invention, it is possible to access, via the disk control unit, the contents of storage on a stor- 
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age area network (SAN) that uses fiber channels. Moreover, it is possible to access storage contents whose format dif- 
fers from the input and output format used by the host computer. Therefore, it is possible to perform a composite backup 
of the contents of storage under control of the host computer and the contents of storage on the SAN, or the contents 
of storage whose format differs from the input and output format used by the host computer in the same magnetic tape 
5 storage. This means, for example, that the storage contents of an open system such as UNIX can be backed up in a 
magnetic tape storage controlled by a mainframe. Consequently, the backup reliability is improved and the operating 
cost is lowered. 

Claims 

w 

1 . A method for data backup in a computer system comprising a first host computer (1 ) that specifies input and output 
data with a first data format; a second host computer (17) that specifies input and output data with a second data 
format that differs from the first. data format; a first storage system (5, 7) connected to the first host computer for 
storing input data specified with the first data format from the first host computer; a second storage system (18, 19) 
15 for storing input data specified with the second data format from the second host computer; and a backup unit (14) 

which the first host computer controls to input/output data, wherein the first storage system (5, 7), the second host 
computer (17) and a second storage system (1 8,-1 9) are connected by a network (9, 20), the method being for back 
up of data in the second storage system (18, 1 9) to the back up unit (14), and comprising the steps of: 

20 storing volume information assigned to the first storage system (5, 7) and the second storage system (18, 1 9); 

determining whether a first data format from the first host -computer (1) specifies data in the second storage 
system(18, 1 9) with the volume information; 

if so, converting the first data format from the first host computer (1 ) into a second data format; 
reading data specified by the first data format from the first host computer (1 ) from the second storage system 
25 (1 8 t 1 9) with the converted second data format: 

sending the read data to the first host computer (1 ); 

receiving information on modification to configuration of the second storage system (18, 19); and ■ 
modifying the volume information based on the modification information. 

30 2. A data backup method according to claim 1 , wherein volume information is stored in a memory in the first storage 
system. 

3. A data backup method according to claim l„.or 2, wherein the first host computer.(1 ) and the second host computer 
(T7) are connected with a LAN (local area network),- 

35 

and wherein the modification information is.sent from the second host computer via the LAN. / 

4. A data backup method according to any of claims 1 to 3, wherein the network has a fiber channel switch (19) that 
manages configuration of a second network (20), 

40 . • . . 

and wherein the modification information's sent from the fiber channel switch via the second network. 

5. A method for data backup in a computer system comprising a first host computer (1 ) that specifies input and output 
data with a first data format; a second host computer (1 7) that specifies input and output data with a second data 

45 format that differs from the first data format; a first storage system (5, 7) connected to the first host computer (1 ) for 

storing input data specified with the first data format from the first host computer; a second storage system (18, 19) 
for storing input data specified with the second data format from the second host computer(1 7); and a backup unit 
(14) which the first host computer controls to input/output data, wherein the first host computer (1) and the second 
- host computer (1 7) are connected by a first network (9), and the first storage system (5, 7), the second host com- 

so puter (17) and a second storage system (18, 19) are connected by a second network (20), the method being per- 

formed by the first host computer (1) for backing up data in the second storage system (18, 19) to back up unit (14), 
and comprising the steps of: 

receiving meta-information that the second host computer (17) manages from the second host computer via 
55 the first network (9); 

creating a command with the first data format based on the meta-information in order to specify a read file in 

the second storage system (18, 19); and 

sending the command to the first storage system (1 8, 19). 
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6. A method for data backup in a computer system comprising a first host computer (1 ); a second host computer ( 1 7) 
which is connected to the first host computer by a first network (9); a first storage system (5, 7) connected to the 
first host computer (1 ) for storing input data from the first host computer (1 ); a second storage system (1 8, 1 9) for 
storing input data from the second host computer (17); a backup unit (14) which the first host computer controls to 

5 input/output data, wherein the first storage system (5, 7), the second host computer (1 7) and a second storage sys- 

tem (18, 19) are connected by a second network (20); the method being performed by the first host computer (1) 
for backing up data in the second storage system (18, 19) to the back up unit (14), and comprising the steps of: 

directing the second host computer (1 7) to prohibit updating of a backup object stored in the second storage 
to system (18, 19), 

reading the backup object via the first storage subsystem (5, 7); and 
sending the read data to the backup unit (14). 

7. A data backup method according to claim 6, further comprising the step of directing the second host computer ( 1 7) 
15 to release the prohibition of updating the backup object, when backup of the backup object is complete. 

8. A data backup method according to claim 6 or 7, wherein the first host computer (1) directs a data base manage- 
ment system on the second host computer to change to hot backup mode. 

20 9. A method for data backup in a computer system comprising a first host computer (1 ); a second host computer (1 7) 
which is connected to the first host computer (1 ) by a first network (9); a first storage system (5, 7) connected to the 
first host computer (1 ) for storing input data from the first host computer; a second storage system (18, 19) for stor- 
ing input data from the second host computer (17); a backup unit (14) which the first host computer (1) controls to 
input/output data, wherein the first storage system (5, 7), the second host computer (17) and a second storage sys- 

25 tern (18, 19) are connected by a second network (20), the method being performed by the first host computer (1) 

for backing up data in the second storage system (18, 19) to the back up unit (14), and comprising the steps of: 

directing the second host computer (1 7) to change to a mode that stores updated data in an area separate from 
the area where the original data of the backup object is stored, 
30 reading the backup object via the first storage, sub-system (5, 7); and 

sending the read data to the backup unit (14). . 

1 0. A data backup method according to claim 9, further comprising the step of directing the second host computer ( 1 7) 
to release the change to the mode, when backup of the backup object is complete. 

35 . . . . • 

1 1 . A method for data backup in a computer system comprising a first host computer (1 ) that specifies input and output 
data with a first data format; a second host computer (1 7) that specifies input and output data with a second data 
format that differs from the first data format; a first storage system (5, 7) connected to the first host computer ( i ) for 
storing input data specified with the first data format from the first host computer; a second storage system ( 1 8 : 19) 

40 for storing input data specified with the. second data format from the second host computer(1 7); and a backup unit 

(14) which the first host computer (1) controls to input/output data, wherein the first host computer (1), the second 
host computer (17) and the second storage system (18, 19) are connected by a network (9, 20), the method being 
performed by the first host computer (1) for backing up data in the second storage system (18, 19) to the back up 
unit (14) and comprising the steps of: 

45 

assigning volume information to the second storage system (18, 1 9) in order to access the second storage sys- 
tem (18, 19) based on modification information; 

converting a first data format into a second data format if the first data format specifies volume information 
assigned to the second storage system (1 8, 1 9); 
so receiving data specified with the converted second data format from the second storage system (18, 19) via a 

second network (20); and 

sending the received data to the backup unit (14). 

12. A data backup method according to claim 1 1, wherein the first host computer (1) and the second host computer 
55 (17) are connected with a LAN (local area network), the method comprising the steps of: 

- receiving information on modification to configuration of the second storage system (18, 19) via the LAN; and 
modifying the volume information based on the modification information. 
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1 3. A data backup method according to claim 11 or 1 2 t wherein the network has a fiber channel switch (19) that man- 
ages configuration of the second network (20), the method further comprising the steps of: 

receiving information on modification to configuration of said second storage system (18, 19) from the fiber 
5 channel switch (19); and 

modifying the volume information based on the modification information. 

1 4. A mainframe storage system for use in a computer system comprising a mainframe host computer ( 1 ) that specifies 
input and output data with a first format; an open system host computer (1 7) that specifies input and output data 
with a second format that differs from the first format; a mainframe storage system (5, 7) connected to the main- 
frame host computer (1) for storing input data specified with the first format from the mainframe host computer (1); 
an open system storage system (18, 19) for storing input data specified with the second format from the open sys- 
tem host computer (17); and a backup unit (14) which the first host computer (1) controls to input/output data, 
wherein the mainframe storage system (5, 7), the open system host computer (17) and the open system storage 
system (18, 19) are connected by a network (9, 20), the mainframe storage system (5, 7) comprising: 

a memory (1 0) for storing volume information assigned to the first storage system and the second storage sys- 
tem; 

a host adapter (2) connectable to the first host computer (1 ), the host adapter having a first processor that cre- 
ates the volume information; 

a communication adapter (21, 22) connectable to the network, the communication adapter having a second 
processor that performs a program converting a first data format from the first host computer into a second 
data format in' order to read a backup object to the backup unit (1 4) from the second storage system (1 8, 1 9), 
wherein the first processor in the host adapter (2) modifies the volume information based on information on 
modification to configuration of the second storage system (18, 19). 

15. ' A mainframe storage system according to claim 14, wherein the host adapter (2) determines whether a first data 

format from the first host computer (1 ) specifies data in the second storage system (18, 1 9) with the volume infor- 
mation. ' ' ~ 
30 ' ' ' 

16. A mainframe storage system according to claim 14 or 15, wherein the first host computer (1 ) and the second host 
computer (17) are connected with a LAN (local area network) (9), 

and wherein the modification informatidn is sent from the second host computer (1 7) via the LAN (9). 

A mainframe storage system according to any of claims 14 to 1 6, wherein the network has a fiber channel switch 
(19) that manages configuration of a second network (20), 

and wherein the modification information is sent from the fiber channel switch (19) via the second network (20), 

A mainframe host computer for use in a computer system comprising a mainframe host computer (1 ), an open sys- 
tem host computer (i 7), a mainframe storage system (5, 7) connected to the mainframe host computer (1 ), an open 
system storage system (18, 19), and a backup unit (14) which the first host computer (1) controls to input/output 
data, wherein the mainframe hosfcomputer (1) and the open system host computer (1 7) are connected by a first 
network (9), and the mainframe storage system (5, 7), the open system host computer (17) and the open system 
storage system (18, 19) are connected by a second network (20), the mainframe host computer (1) comprising: 

a communication adapter (11) connectable to the first network (9), wherein the communication adapter 
receives metainformation that the second host computer (17) manages from the second host computer via the 
50 first network (9); 

a channel adapter (29) connectable to the first storage system (5, 7); and 
an input/output control processor (15), 

wherein the input/output control processor (15) creates a command with the first data format based on the 
meta-information in order to specify a read file that is a backup object to the backup unit (14) from the second 
55 storage system (1 8, 19) and sends the command to the first storage system (5, 7) via the channel adapter (29). 

19. A mainframe host computer for use in a compute system comprising a mainframe host computer (1 ) that specifies 
input and output data with a first format; an open system host computer (1 7) that specifies input and output data 
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with a second format that differs from the first format; a mainframe storage system (5, 7) connected to the main- 
frame host computer (1 ) for storing input data specified with the first format from the mainframe host computer (1 ); 
an open system storage system (18, 19) for storing input data specified with the second format from the open sys- 
tem host computer (1); and a backup unit (14) which the first host computer (1) controls to input/output data, 
5 wherein the mainframe host computer (1), the open system host computer (1 7) and the open system storage sys- 

tem (18, 19) are connected by a network (9) the mainframe host computer (1) comprising: 

a communication adapter (30) connectable to a second network (20), the communication adapter having a 
second processor that performs a program converting a first data format from the first host computer (1) into a 
w second data format in order to read a backup object from the second storage system (18,1 9); and 

a channel adapter (29) connectable to the backup unit, 

wherein the communication adapter (30) sends the received backup object specified with the converted sec- 
ond data format from the second storage system (18, 19) via the second network (9, 20), and 
wherein the received data is sent to the backup unit (14) via the channel adapter (29). 

15 

20. A mainframe host computer according to claim 19, further comprising: 

a memory (12) for storing volume information assigned to the first storage system (5, 7) and the second stor- 
age system (18, 19); 
20 an input/output control processor (15), 

wherein the input/output control processor determines whether data to be accessed is in the second storage 
system (18, 1 9) or not with the volume information. 

21 . A mainframe host computer according to claim 20, wherein the first host computer (1 ) and the second host compu- 
25 ter (1 7) are connected with a LAN (local area network) (9), the mainframe host computer (1) further comprising a 

LAN adapter (11) connectable to the LAN, 

wherein the LAN adapter ; (l 1) receives information on modification to configuration of the second storage system 
(18, 19) via the LAN (9), and 

wherein the volume information stored in the memory.^12) is modified based on the modification information. 

30 

22. A mainframe host computer according to claim 20, wherein the network has a fiber channel switch (19) that man- 
ages configuration of the second network (20), and 

wherein the communication adapter (30) receives information on modification to configuration of said second stor- 
age system from the fiber channel switch (1 9); : and . 
35 wherein the volume information stored in the memory (12) is modified based on the modification information. 

23. A method or system or computer according to any preceding claim, wherein the first data format is CKD format, and 
the second data format is FBA format. 

40 ' 
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Fig. 8 
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